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Abstract 


The potential impact of global warming on sea-level rise in the Hudson Bay arca 
was examined. Land-based ice melt and thermal expansion of ocean waters were 
compared to isostatic rebound rates, Thermal expansion was estimated using a 
one-dimensional analysis and a three-dimensional world ocean general circulation 


model. It was found that the combined impact on sea-level rise of land-based ice 
melt and thermal expansion of the world ocean was the same order of magnitude 
as the sea-level fall rates due to isostatic rebound. Thus, there is the possibility 
of a cessation or reversal of sea-level fall in the Hudson Bay area in the next 100 


yr, 


Introduction 


Worldwide sea-level rise has been identified as a potential 
impact of a warming climate (Warrick and Oerlemans, 1990; 
Warrick et al., 1996). Tide-gauge data indicates that sea level 
has been rising at a rate of | to 2 mm yr~' during the last century 
(Gomitz et al., 1982; Peltier, 1990). There are, however, consid- 
erable variations in regional behavior. In this study I explore the 
impact of potential global warming on the sca-level change rates 
in the Hudson Bay and James Bay region (hereafter referred to 
as Hudson Bay). The Canadian Arctic Resources Committee 
(CARC) has designated the Hudson Bay bioregion as a "hot- 
spot” of biodiversity and productivity requiring protection. This 
bioregion is the largest wetland in North America (Beckmann. 
1994). It is therefore of great interest to assess the impact of 
climate change in this area, Will sea levels continue to drop or 
will climate change, notably global warming, mitigate or reverse 
this trend? This work examines this question and provides a 
range of sea-level change values suitable for climate impact as- 
sessment. 


SEA-LEVEL CHANGE PROCESSES 


Sea-level variation arises from three factors: lithospheric 
adjustment, land-based ice accumulation or ablation, and thermal 
expansion or contraction of the oceans. At present it is believed 
that the first of these processes dominates in the Hudson Bay 
region. Isostatic rebound resulting from the last glacial is causing 
a fall of sea level by as much as | cm yr~'! (Peltier, 1990; Mi- 
trovica et al., 1994), one of the fastest rates in the world. The 
massive Laurentian ice-sheet compressed the lithosphere in this 
region 18,000 yr ago, Upon the disappearance of the ice sheet 
the lithosphere has slowly rebounded. Other areas in the world 
are also affected by lithospheric processes particularly those as- 
sociated with plate tectonics 

Whereas lithosphere processes have the effect of rearrang- 
ing the ocean water mass, land-based ice accumulation or abla- 
tion changes the total mass of the world’s ocean. The land-based 
cryosphere resides in three main reservoirs: the Antarctic Ice 
Sheet, the Greenland Ice Sheet, and mountains glaciers and ice- 
fields, Of these three the Antarctic Ice Sheet dominates (Table 
1) (Warrick et al., 1996). 

Although Antarctica is by far the largest reservoir, it prob- 
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ably has a net negative impact in sea-level rise. This occurs due 
to the increased accumulation over ablation in a warmer antarctic 
climate (Warrick et al., 1996). The Greenland ice sheet exists in 
warmer temperatures where a warming has a greater impact on 
ablation than accumulation and thus likely adds to sea-level rise. 
However, there is great uncertainty for both ice sheets. Current 
estimates of change are *1.4 mm yr’ for Antarctica and 70.4 
mm yr-' for Greenland (Warrick et al., 1996), The melting of 
glaciers and small ice caps leads to a net sea-level increase. It 
has been estimated that this process may account for up to 70% 
of the sea-level rise in the last century (Warrick et al., 1996). 

Thermal expansion provides another source of sea-level 
rise, Warming, saline waters expand, thereby increasing the total 
volume of the world's oceans and thus cause rising sea levels. 
The expansion rates are a function of the seawater temperature, 
salinity, and pressure, and can be calculated using the equation 
of state for seawater (Pond and Pickard, 1986), Current estimates 
suggest that thermal expansion may account for 30% of the sea- 
level rise experienced in that last century (Warrick et al., 1996). 
With the potential of accelerated warming and the known lag in 
atmosphere-ocean interaction, it is likely that thermal expansion 
could lead to a larger contribution to sea-level rise in the future 
(Wigley, 1995). 

In this study I examine the possibility that global warming 
with its contribution to land-based ice melt and thermal expan- 
sion of the world’s oceans may offset the isostatic rebound rates 
in the Hudson Bay region. For the ice-melt contribution I rely 
on the range of estimates of melt rates in Warrick et al. (1996). 
To estimate future contributions due to thermal expansion, I em- 
ploy two models of thermal expansion. The first is a simple one- 
dimensional calculation and the second uses a three-dimensional 
ocean general circulation model. Finally [ sum the net contri- 
butions from the three sources to deduce a net sea-level variation 
Tate. 


Modeling Methodology 


ONE-DIMENSIONAL ANALYSIS 


For this analysis the ocean was represented as a vertical 
column. Hudson Bay was represented as a column of 200 m 
depth and the world ocean was represented by a column of 4000 
m depth. The column had a fixed cross-sectional area. Thermal 
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Abstract 


The potential impact of global warming on sea-level rise in the Hudson Bay area was examined. 
Land-based ice melt and thermal expansion of ocean waters were compared to isostatic rebound 
rates. Thermal expansion was estimated using a one-dimensional analysis and a three- 
dimensional world ocean general circulation model. It was found that the combined impact on sea- 
level rise of land-based ice melt and thermal expansion of the world ocean was the same order of 
magnitude as the sea-level fall rates due to isostatic rebound. Thus, there is the possibility of a 
cessation or reversal of sea-level fall in the Hudson Bay area in the next 100 yr. 
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